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Section 2: Calculations of the strong coupling in three coupled oscillators Supplementary information for this paper is available at https://doi.org/10. 29026/oea.2019.190008 Section 1: Figures S1-S6 Section 2: Calculations of the strong coupling in three coupled oscillators When the Ag-WS 2 heterostructure was embedded into the optical microcavity, the strong plasmon-exciton-cavity interaction occurs with the illumination of incident light. The three-coupled oscillator model was introduced to describe the strong plasmon-exciton-cavity interaction behavior. The plasmon of Ag nanodisk arrays, A-excitons in WS 2 monolayers, and the optical microcavity can be assumed as three oscillators. In the experiment, because the optical microcavity mode is designed far away from the A-exciton of WS 2 monolayers, only plasmon-exciton and plasmon-cavity oscillators are connected, and there is no direct coupling between the exciton and cavity photon to generate traditional polaritons. Therefore, the Hamiltonian of this three-coupled system can be written as:
where γ pl , γ X , and γ MC are the linewidths of plasmon, exciton, and microcavity modes, U pl , U X , and U MC are the resonance energies of plasmon, exciton, and microcavity modes, while g X and g MC represent plasmon-exciton and plasmon-microcavity interaction constants. The composition of hybrid states can be modeled by diagonalizing the Hamiltonian of the coupled system. The diagonalization of these Hamiltonians yields new eigenfrequencies and Hopfield coefficients, which represent the contribution of plasmons, microcavity, and excitons to each state. The splitting between each of two branches depends on both plasmon-exciton (g X ) and plasmon-microcavity (g MC ) coupling strengths, as well as the resonant frequency and linewidths of all contributing parts, resulting in no simple analytical expressions for eigenfrequencies. As a consequence, there is no simple criteria for the strong coupling in this three-coupled oscillator.
Analogous to the case of strong coupling in two coupled oscillators, the criterion of strong coupling in three oscillators can be derived by the following formula:
where, the W Upper , W Middle , and W Lower are respectively the weight of each hybrid branch in strong plasmon-exciton-cavity coupling.  Upper ,  Middle and  Lower are the linewidth of each hybrid branch.
The weight of each hybrid branch in strong plasmon-exciton-cavity coupling can be calculated as follows: 
